
amwan 5R 

Sept. 6, 1966 M. A. ROSENFELD ETAL 3,271,584 
DIGITAL MEASURING APPARATUS 

Filed June 18, 1962 2 Sheets-Sheet 1 

52 54> 46 441 42 40> 33 

FIG. 2 

INVENTORS 
MELVIN A. ROSENFELD 

BY ROBERT G. MOYER 

34%” £7 
A TTORNE Y 

n "7. 



Sept 6, 1966 M. A. ROSENFELD ETAL 3,271,564 
DIGITAL MEASURING APPARATUS 

Filed June 18, 1962 2 Sheets—$heet 2 

INVENTORS 
MELVIN A. ROSENFELD 

BY ROBERT GMOYER 

A TTORNE Y 



Ugited rates 
1 

3,271,564 
DIGETAL MEASURING Ai’PARATUS 

Melvin A. Rosenfeld, Harrington, and Robert G. Meyer, 
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This invention relates to measuring devices and, more 
particularly, to a small measurement digitizer, an X-Y 
reader, and a polar-coordinate map reader. 

Measurements of short distances are made for various 
purposes in the Work connected with many sciences. 
Frequently, it is necessary to measure a large number of 
short distances or the sizes of small particles for various 
purposes. For example, the peak heights on graphical 
records, such as those obtained in the logging of oil wells, 
must be determined and compiled for statistical and other 
mathematical purposes in geological work. Also, de 
termining the sizes of particles in samples of clays, rocks, 
etc., and statistically analyzing the distribution of particle 
sizes, is a common technique for characterizing rock 
formations in geological studies. 

It is also frequently necessary to measure the coordi 
nates of points in the plane of a map in order to de?ne 
location, determine distances between points, read values 
of some property, such as elevation at points, etc. For 
example, in the ?tting of mathematical equations to map 
surfaces such as planes, quadratic surfaces, cubic surfaces, 
etc., and determining the residual anomalies from the 
surfaces, the locations of many points on the map and 
the data at those points is needed. In geology and oil 
exploration such data might be magnetic, gravity, geologic 
structure elevations, and others. Examples of ?elds other 
than earth sciences that also use “maps” of many points 
are 3-dimensional yield diagrams of chemical processes, 
plots of engine ef?ciency as related to engine speed and 
load, and the like. 

Various types of equipment have been provided in the 
past for measuring large numbers of short distances 
and/ or sizes of large numbers of small objects in a limited 
?eld and for reading the locations of points on maps, 
but they have been expensive, cumbersome, tedious to 
use, and otherwise de?cient. 

In accordance with this invention, we have devised 
simple and relatively inexpensive apparatus for making 
and recording such measurements. For each measure 
ment made, the devices of this invention provide discrete 
records which are suitable for many different types of 
mathematical analysis, and provide unlimited ?exibility in 
such analysis. 

Accordingly, it is the primary object of this invention 7 
to provide novel measuring devices. Another object of 
this invention is to provide measuring devices which are 
readily portable and extremely easy to use. Still another 
object of this invention is to provide measuring devices 
which give a discrete indication of each measurement 
made. A further object of this invention is to provide a 
small measurement digitizer, an X-Y reader, and a 
polar coordinate map reader. These and further objects 
of this invention will become apparent or be described 
as the description herein proceeds and reference is made 
to the accompanying drawings in which: 
FIGURE 1 is a plan view of the small measurement 

digitizer in connection with a schematic circuit diagram 
of apparatus for recording measurements made; 
FIGURE 2 is a side view of the small measurement 

digitizer shown in FIGURE 1; 
FIGURE 3 is a diagrammatic view of the X-Y reader 

in use in connection with a schematic circuit diagram 
of apparatus for recording the measurements made; 
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FIGURE 4 is a side view of the polar coordinate map 

reader; and 
FIGURE 5 is a plan view of the polar coordinate map 

reader shown in FIGURE 4. 
Brie?y, the small measurement digitizer includes a 

binary digital encoder having a rotatable shaft and actu 
ated by the rotation thereof, the shaft being spring-biased 
toward a zero rotational position with respect to the 
encoder: a tape or Wire wound on a reel affixed to the 
rotatable shaft of the encoder such that the shaft is 
rotated within the encoder when the tape or wire is pulled 
from the reel or allowed to rewind on it; and electrical 
means connected to the encoder to convert the output 
thereof into a distance measurement. Although the 
electrical means connected to the encoder may merely 
indicate the measurement made, it preferably includes an 
apparatus for recording the measurement made on a 
punch card, paper tape, magnetic tape, etc. Optionally, 
the recorder is provided with means for manually im 
printing identi?cation information on the recorded out 
put. The X-Y reader comprises two of the small 
measurement digitizers in combination, the second digit 
izer being secured to the end of the tape or wire of the 
?rst digitizer such that the tape or wire of the second 
digitizer is extended in a direction perpendicular to the 
direction of the tape or Wire of the ?rst digitizer. 
Our digitizer and X-Y reader are especially well suited 

to the making of a large number of measurements within 
a small, limited area, such as a photograph, a microscope 
projection, a recorder chart, a map, and the like. They 
are superior to any prior art devices for this purpose in 
that they are versatile, readily portable (except for as 
sociated equipment to convert the outputs of the encoders 
into distance measurements), and extremely easy to use. 
More speci?cally, our devices are superior to conventional 
prior art curve-scaling devices because the curve can be 
in any position; the paper or recorder chart does not 
have to be carefully orientated in a ?xed apparatus, as 
has been necessary in the past. They are superior to 
some other prior art measurement devices because they 
provide records of individual measurements rather than 
group data. Other advantages will ‘be apparent. 

This invention is thus understood by reference to the ac 
companying drawings in which like numerals of refer 
ence designate corresponding components in each of the 
several ?gures. Referring to FIGURES l and 2, the 
numeral 10 represents the small measurement digitizer. 
Small measurement digitizer 10 includes base 12 to which 
brackets 14, which hold binary digital encoder 16 in 
place, are secured. Encoder 16, having rotatably mount 
ed shaft 18 extending therefrom, produces electrical im 
pulses in unique combinations, each representative, in 
binary digital impulse code, of a discrete angular disposi 
tion of shaft 18. An example of a suitable encoder is :1 
0-711 encoder sold by Datex Corporation of Monrovia, 
California and described in its bulletin No. 3l2~l, issued 
September 20, 1959. Secured to the end of shaft 18 is 
reel 20, on which elongated ?exible member 22 is wound 
such that shaft 18 is rotated within encoder 16 when mem 
ber 22 is pulled from reel 20 or allowed to rewind on it. 
Although member 22 is illustrated as a tape, such as a 
metallic or fabric tape, it can also be a wire. Shaft 18 
is biased toward a zero rotational position with respect 
to encoder 16 by spring 24 secured to encoder 16 and reel 
20. Spring 24 also biases shaft 18 to maintain tape 22 
wound on reel 20. 

Small measurement digitizer 10 preferably includes 
means to guide the movement of tape 22 in a direction 
substantially tangential to reel 20 and in a plane parallel 
to the surface on which the measurements are to be 
made, especially when relatively long distances are being 
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measured. The illustrated guide for tape 22 consists of 
rigid rods 26 which extend from base 12 in a direction 
substantially parallel to the surface on which the measure 
ments are to be made and pass through apertures in in 
dexing member 28 secured to the end of tape 22. The 
apertures in member 28 are slightly larger than rods 
26 so that member 28 is freely slidable along rods 26. 
Rods 26 are preferably removable so that they can be 
replaced with shorter or longer rods if desired. Member 
28 is provided with knob 30, to aid one in sliding it along 
rods 26, and index 32, which is adjacent to index 34 on 
base 12 when tape 22 is fully wound. 

Encoder 16 is connected by lead wires 36 to apparatus 
for translating digital data and indicating and/ or record 
ing the measurements made. Illustrative of such appara 
tus, encoder 16 is connected by lead wires 36 to transla 
tor 38, designed to acquire the binary digital data, trans 
late it into decimal digital data, and store it. Such a trans 
lator is a K—154—-3 control chassis sold by Datex Corpora 
tion. Translator 38 is connected by lead wires 40 to junc 
tion box 42 which, in turn, is connected by lead wires 
44 to an output unit 46 adapted to record the decimal 
number on a punch card, paper tape, magnetic tape, etc. 
Out-put unit 46 is energized by hand- or foot-operated 
switch 48, connected to junction box 42 by lead wires 5%). 
If desired, the apparatus can include means for manually 
imprinting identi?cation information on the recorded 
record, such as keyboard 52 connected to output unit 46 
by lead wire 54. Examples of suitable equipment are 
Datex Corporation 1413-34 junction box for junction 
box 42 and IBM 526 punch as output unit 46 and key 
board 52. 

In using the apparatus illustrated in FIGURES l and 
2, digitizer 10 is positioned such the zero index 34 on 
base 12 is placed -‘on one extremity of the distance to be 
measured and tape 22 will be unwound from reel 20 to 
ward the other extremity of the distance to be measured. 
Tape 22 is unwound from reel 20 so that the distance 
between indexes 32 and 34 matches the distance to be 
measured. The unwinding of tape 22 sends a binary digit 
signal from encoder 16 to translator 38 which translates 
the binary digit signal into a decimal digit signal. Output 
mechanism 46 is then actuated by means of switch 48 to 
record the measurement on a punch card, etc. If desired, 
identi?cation information can be imprinted on the record 
by means of keyboard 52 before switch 48 is actuated. 
Then, measuring device 10 is moved to another object and 
the measuring and recording steps are repeated, and the. 
procedure is repeated for as many distances as need be 
measured. It will be apparent that the measurements 
made by our invention may include distances between two 
points on an object or magni?ed image of an object, peak 
heights on graphs, or any other distances ordinarily meas 
ured by a caliper. 
An embodiment of our invention adapted for making 

measurements in both the “X” and “Y” directions on a 
graph or chart is shown diagrammatically in FIGURE 3. 
This embodiment includes two of the devices described 
in ‘relation to FIGURES 1 and 2 to permit measurement 
in two directions, one direction being perpendicular to El? 
other. Referring to FIGURE 3, encoder-reel assembly 6-1} 
is similar to measuring device 10 illustrated in FIGURES 
1 and 2 except that second encoder-reel assembly 62, 
which is also similar to measuring device 10 illustrated in 
FIGURES 1 and 2, is secured to tape 22 and slidably 
mounted on guide rods 26. Guide rods 26 extend from 
encoder-reel assembly 60 in a direction tangential to reel 
20 (FIGURE 1) and in a plane parallel to the surface 
on which the measurements are to be made. Encoder-reel 
assembly 62 is so constructed that tape or wire 64 thereof 
is unwound in a direction perpendicular to the direction 
in which tape 22 is unwound. That is, tape or wire 64 
is extended from encoder-reel assembly 62 in the “Y” 
direction relative to the “X” direction of guide rods 26. 
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Encoder-reel assembly 62 may also be provided with guide 
rods for tape or wire 64. 

If desired, the X-Y reader may be provided with means 
for adjusting the “zero” position of index point 32 (FIG 
URE 3) of assembly 62 to different points. For example, 
the entire X-Y reader may be mounted on a base such that 
it is reciprocally movable in a plane parallel to the plane 
in which tape or wire 64 is extendable. Such a modi?ca 
tion would be especially bene?cial where measurements 
are made on two or more curves having different datum 
lines on the same chart, or the base line of a single curve 
is not a straight line. 
The binary digital outputs of the encoders in assemblies 

60 and 62 may be fed to the same or separate apparatus 
for translating the outputs into decimal numbers and 
indicating and/or recording measurements made. For 
example, the outputs of each of the encoders may be fed 
to a translating and recording circuit as depicted in FIG 
URE 1. Preferably, the encoders in assembly 60 and 62 
are connected by lead wires 66 and 68, respectively, to 
dual~channel (“X” and “Y”) translator 70. Dual-channel 
translator 70 is connected by lead wire 72 to junction 
box 42 which, in turn, is connected by lead wire 44 to 
output unit 46. Output unit 46 is actuated by switch 48 
connected by lead wire 50 to junction box 42. Optionally, 
keyboard 52 is connected to output unit 46 by lead wire 
54 to place identi?cation information on the card or 
tape simultaneously with the measurement information. 

In using the apparatus, chart or graph 73 is positioned 
with its base line coincident with the “zero” position of 
assembly 62 and parallel to rods 26, and with a reference 
line coincident with the “zero” point of assembly 60 and 
perpendicular to rods 26. Then, assembly 62 is moved 
along rods 26 to a point directly beneath the graph point 
to be recorded, thereby unreeling tape 22 from encoder 
60 and creating an output from encoder 60 to translator 
70. Then, tape or wire 64 is extended until the index 
point thereon reaches the point to be measured. The 
unwinding of tape or wire 64 of assembly 62 results in 
the encoder thereof producing a signal which is trans 
mitted to translator 70. Next, identi?cation information 
is fed into output unit 46 by means of keyboard 52, and 
‘switch 48 is actuated to cause unit 46 to punch or other 
wise create a record on a card or tape. 
The polar coordinate map reader comprises a small 

measurement digitizer, mounted to be rotated about a 
vertical axis, and a second binary digital encoder adapted 
to produce an electrical signal indicative of the angular 
position of the small measurement digitizer. The polar 
coordinate map reader of our invention is superior to 
devices which have been heretofore available in that it 
requires only one handed operation to obtain the basic 
coordinate data, the measuring head exclusive of asso 
ciated electronic and recording equipment is small and 
readily portable, it is extremely easy to use, and the 
simple single extension of the tape or wire from the 
origin to the map point is suf?cient to obtain the two 
coordinate data. 
The polar coordinate map reader illustrated in FIG 

URES 4 and 5 includes an encoder-reel assembly similar 
to the small measurement digitizer of FIGURES l and 2, 
except that it is shown in an alternative embodiment. 
Referring to FIGURES 4 and 5, in the encoder-reel 
assembly binary digital encoder 16 is horizontal, that is, 
in a plane parallel to the surface on which measurements 
are to be made, rather than perpendicular to the surface 
shown in FIGURES 1 and 2. Encoder 16 includes 
rotatable shaft 18, which is perpendicular to the surface 
on which measurements are to be made, and produces 
electric signals indicative of the angular position of shaft 
18 in terms of binary digital quantities. Shaft 18 is biased 
in a zero position with respect to encoder 16 by spring 24. 
Secured to shaft 18 is reel 20 on which wire 74 is wound. 
Wire 74 is so wound on reel 20 that shaft 18 is rotated 
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within encoder 16 when wire 74 is pulled from reel 20 
or allowed to rewind on it. 

Secured to encoder 16 is rigid rod 26, which is pref 
erably removable so it can be replaced with rods of 
varying lengths. Slidably movable along rod 26 is index 
ing member 28 secured to the end of wire 74. Indexing 
member 28 is provided with knob 30 and index point 
32. Binary digital encoder 16 is preferably provided with 
wire guide 76 to guide wire 74 in a straight path parallel 
to rod 26. 

Encoder 16 is secured to rotatable shaft 78 of second 
binary digital encoder 80, shaft 78 being perpendicular 
to the surface on which the measurements are to be 
made. Shaft 78 is biased in the zero position with respect 
to encoder 80 by spring 82. The polar coordinate map 
reader is constructed such that indexing point 32 travels 
along a straight line passing through the center of shaft 
78. It will be evident that binary digital encoder 80 will 
produce electric signals representing the angular disposi 
tion of indexing point 32. Encoders 16 and 80 are con 
nected by lead wires 84 and 86, respectively, to suitable 
apparatus for translating the binary digital code into 
decimal numbers and indicating and/ or recording same. 

In using the polar coordinate map reader for the 
measurement of locations and data at locations on a map, 
the map is preferably mounted on a board with encoder 
80 located at some position on the edge of the map or 
within the area of the map. The center point of encoder 
80 de?nes the origin from which the length measurements 
are to be made and a selected diameter of encoder 80 
de?nes the base line from which the angle measurements 
are made. Indexing member 28 is pulled out to position, 
bringing index point 32 to a selected point on the map. 
In the process, wire 74 will be extended from reel 20 equal 
to the distance from the origin .to the selected point less 
the distance between the center of encoder 80 and zero 
position of point 32, and rod 26 will be rotated through 
an angle equal to the angle between the base line and the 
wire 74-line to the point. The map reader is programmed, 
as by adjusting encoder 80 or the associated electronic 
equipment, to compensate for constant distance between 
the zero position of index 32 and the map origin. The 
movement of indexing head 23 along rod 26 and the 
angular movement of rod 26 sends binary digit signals 
from encoders 16 and 80, respectively, to ‘the apparatus 
for translating of the digital signals into corresponding 
decimal number signals, and indicating and/ or recording 
of the decimal number signals. 
Although this invention has been described in relation 

to speci?c embodiments, it will be apparent that modi?ca 
tions can be made by one skilled in the art without de 
parting from the intended scope of this invention. For 
example, the small-measurement digitizer and the X~Y 
reader described in relation to FIGURES 1, 2 and 3 may 
have the axes of the encoder-reel assemblies in a position 
perpendicular to the surface on which measurements are 
to be made, and/ or a wire may be used in lieu of the tape, 

A as illustrated in FIGURES 4 and 5. On the other hand, 
the encoder-reel assembly of FIGURES 4 and 5 may 
have an axis in a plane parallel to the plane of the surface 
on which measurements are to be made, and/ or a tape 
in lieu of the wire, as illustrated in FIGURES 1 and 2. 
The reel-and-tape or -wire arrangement may be substi 
tuted with other means for rotating the shaft of the bi 
nary digital encoder as the indexing point is moved, such 
as having the indexing point on an end of a rack which 
engages a pinion operatively connected to the rotatable 
shaft of the encoder. Another arrangement would have 
member 28 (FIGURES 1 and 2) rigidly a?ixed to the 
end of rods 26 (instead of sliding thereon) and rods 26 
slidable through apertures in base 12. Then, additional 
lengths of rods 26 can be added to the rear ends of rods 
26 as needed, instead of only on the front end of base 
12 as hereinbefore described. 
The embodiments of this invention in which an ex 
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elusive property or privilege is claimed are de?ned as fol 
lows: 

1. A measuring device comprising an elongated ?ex 
ible member wound on a rotatably mounted carrier and 
adapted to be extended from said carrier, the extension 
of said ?exible member from said carrier causing said 
carrier to rotate, electrical signal-producing means re 
sponsive to movement of said ?exible member and adapt 
ed to produce a plurality of electrical signals as binary 
digital quantities, each of said signals being indicative of 
a discrete distance said flexible member is extended from 
said carrier, and indicating means electrically connected 
to said signal-producing means to indicate the output of 
same. 

2. A measuring device in accordance with claimv 1 
in which said signal-producing means is mechanically 
connected to said carrier. 

3. A measuring device in accordance with claim 2 
in which said signal-producing means includes a rotatably 
mounted shaft extending therefrom and is adapted to 
produce electrical signals indicative of angular positions 
of said shaft, and said shaft is mechanically connected to 
said carrier. 

4. A measuring device in accordance with claim 3 in 
which said indicating means converts said binary digital 
quantities to decimal numbers and indicates said decimal 
numbers. 

5. A measuring device in accordance with claim 4 in 
which said shaft is biased to maintain said ?exible mem 
ber wound on said carrier. 

6. A ‘measuring device in accordance with claim 5 
which includes guide means to guide the movement of said 
?exible member in a substantially linear, tangential path 
from said carrier. , 

7. A measuring device in accordance with claim 6 
which includes a stationary indicium and an indicium on 
said ?exible member, said indicia being adjacent to one 
another when said ?exible member is fully wound on 
said carrier. 

8. A measuring device in accordance with claim 6 
which includes a second measuring device physically con 
nected to said ?exible member, thereby being adapted to 
be extended from said ?rst measuring device as said ?ex 
ible member is extended from said carrier, said second 
measuring device comprising a second elongated ?exible 
member wound on a second rotatably mounted carrier 
and adapted to be extended from said second-named car 
rier in a direction substantially perpendicular to the di 
rection said ?rst-named ?exible member is adapted to 
be extended from said ?rst-named carrier, the extension 
of said second-named ?exible member from second 
named carrier causing said second-named carrier to ro 
tate, second signal-producing means responsive to the 
movement of said second-named ?exible member and 
adapted to produce a plurality of electrical signals, each 
of said second-named signals being indicative of a dis 
crete distance said second-named ?exible member is ex 
tended from said second-named carrier, and second indi 
cating means electrically connected to said second-named 
signal producing means to indicate the output of same. 

9. A measuring device in accordance with claim 8 
in which said second-named signal-producing means is 
mechanically connected to said second-named carrier. 

10. A measuring device in accordance with claim 9 
in which said second-named signal-producing means in 
cludes a rotatably mounted shaft extending therefrom 
and is adapted to produce electrical signals indicative of 
the angular position of said second-named shaft, and 
said second-named shaft is mechanically connected to 
said second-named carrier. 

11. A measuring device in accordance with claim 10 
in which said second-named signal-producing means pro 
duces electrical signals as binary digital quantities and 
said second-named indicating means converts said sec— 
end-named digital quantities to decimal numbers. 
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12. A measuring device in accordance with claim 6 

in which said ?exible member includes an indicium, said 
?exible member and guide means are adapted to be ro 
tated about an axis substantially perpendicular to the di 
rection said ?exible member is adapted to be extended 
from said carrier, said guide means being adapted to 
guide said ?exible member such that said indicium moves 
in a substantially straight line traversing said axis, and a 
second signal-producing means responsive to the move— 
ment of said guide means is adapted to produce a plu 
rality of electrical signals, each of said second-named 
signals being indicative of a discrete angular position of 
said guide means, said second-named signal producing 
means being electrically connected to indicating means 
adapted to indicate the output of same. 

13. A measuring device in accordance with claim 12 in 
which said second-named signal producing means in 
cludes a rotatably mounted shaft extending therefrom and 
is adapted to produce electrical signals indicative of angu 
lar positions of said shaft, and said second-named shaft 
is mechanically connected to said guide means and coaxial 
with said axis. 

14. A measuring device in accordance with claim 13 
in which said second-named signal producing means pro 
duces electrical signals as binary digital quantities and 
said second-named indicating means converts said second 
named binary digital quantities to decimal numbers. 

15. A measuring device comprising a body member, 
an elongated member adapted to be extended from said 
body member, a binary digital encoder responsive to the 
movement of said elongated member and adapted to pro 
duce a plurality of electrical signals as binary digital quan 
tities, each of said signals being indicative of a discrete 
distance said elongated member is extended from said 
body member, and indicating means electrically con 
nected to said binary digital encoder and adapted to con 
vert said binary digital quantities to decimal numbers and 
indicate said decimal numbers. 

16. A measuring device in accordance with claim 15 
which includes a second measuring device physically con 
nected to said elongated member, thereby being adapted 
to be extended from said body member as said elongated 
member is extended from said body member, said second 
measuring device comprising a second body member, a 
second elongated member adapted to be extended from 
said second body member in a direction substantially per 
pendicular to the direction said ?rst-named elongated 
member is adapted to be extended from said ?rst-named 
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body member, a second binary digital encoder responsive 
to the movement of said second-named elongated member 
and adapted to produce a plurality of electrical signals as 
binary digital quantities, each of said second-named sig 
nals being indicative of a discrete distance said second 
named elongated member is extended from said second 
named body member, and second indicating means elec 
trically connected to said second-named binary digital 
encoder, said second-named indicating means being 
adapted to convert said second-named binary digital quan 
tities to decimal numbers and indicate said second-named 
decimal numbers. 

17. A measuring device in accordance with claim 16 
in which said ?rst-named and second-named indicating 
means are the same. 

18. A measuring device in accordance with claim 15 
in which said body member includes guide means to guide 
the movement of elongated member in a substantially 
straight path from said body member. 

19. A measuring device in accordance with claim 18 
in which said elongated member includes an indicium, 
said elongated member and guide means being adapted to 
be rotated about an axis substantially perpendicular to the 
direction said elongated member is adapted to be extended 
from said body member such that said indicium is adapted 
to be extended from said body member in a straight line 
traversing said axis, a second binary digital encoder re 
sponsive to the angular movement of said elongated mem 
ber and guide means is adapted to produce a plurality 
of electrical signals as binary digital quantities, each of 
said second-named signals being indicative of a discrete 
angular position of said elongated member and guide 
means, and second indicating means is electrically con 
nected to said second-named binary digital encoder, said 
indicating means being adapted to convert said second 
named binary digital quantities to decimal numbers and 
indicate said second-named decimal numbers. 

20. A measuring device iniaceordance with claim 19 
in which said ?rst-named and second-named indicating 
means are the same. 
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